ABSTRACT Intra-aortic balloon counterpulsation is capable of reducing afterload in patients with unstable angina. Whether it is also capable of augmenting coronary blood flow to poststenotic myocardium is controversial. We studied seven patients receiving maximal drug therapy and requiring balloon pumping for unstable angina as balloon volume and assist ratio were altered. 
THE BENEFICIAL EFFECTS of intra-aortic balloon counterpulsation (IABC) have been attributed to decreased myocardial oxygen demand via systolic unloading and to increased myocardial oxygen supply via diastolic augmentation of coronary blood flow.t-3 The relative importance of each factor is likely to vary with the hemodynamic setting: Systolic unloading should be the major factor in pump failure with normal or elevated afterload, whereas diastolic augmentation could be a significant factor when ischemia is present. With regard to the latter mechanism, most studies have demonstrated that IABC increases aortic diastolic pressure.'--9 However, if coronary autoregulatory mechanisms are still operating, increases in diastolic aortic pressure would not be expected to augment flow.10' 11 Despite some experimental studies demonstrating that IABC augments coronary blood flow in dogs, 8, [12] [13] [14] [15] [16] augmentation of coronary flow in man has not been consistently documented; results range from a 10% decrease9 to no change4 to a 40% increase"7 with institution of IABC. These disparate findings may be due to the fact that flows were not always measured in coronary beds in which flow was pressure dependent. A direct demonstration of the beneficial diastolic effects of IABC must show that IABC increases coronary flow in proportion to increases in mean aortic diastolic pressure in a coronary bed supplied through a critical stenosis.
We therefore undertook this study to determine whether IABC could increase coronary blood flow to the myocardium perfused by a critically stenosed left anterior descending coronary artery (LAD) in patients with unstable angina refractory to aggressive drug therapy. Graded levels of aortic diastolic pressure augmentation were produced by alteration of both the balloon displacement volume and the balloon assist ratio. received the increased blood flow produced by IABC.
In addition, we cannot be certain that portions of the LAD territory were actually ischemic at the time we made our measurements. First, all our patients had multivessel coronary artery disease and thus their unstable angina may have resulted from ischemia occurring outside the LAD terrtory. Second, no patient developed pain during the periods when IABC support was temporanrly suspended during the study. Moreover, the possibility always exists that unstable angina in these patients was caused by coronary artery vaso-M22 of coronary flow to the LAD bed suggests that a significant portion of the LAD bed had lost its autoregulatory vasodilational reserve.1'
In our highly selected patient population, IABC augmented regional coronary flow proportionally to the induced increase in mean diastolic pressure. This was demonstrated in a bed supplied by a severely stenosed coronary artery and occurred in a graded fashion across changes in balloon displacement volumes. This finding is consistent with many previous findings in both man and experimental animals in which regional or global coronary flow was found to be increased during IABC in the setting of acute ischemia.38512-17
Two studies, however, reported findings that dif- Although it would have been desirable to measure a physiologic parameter reflecting the presence or absence of ischemia, such as regional oxygen consumption or lactate production, the coronary sinus catheter did not permit reliable aspiration of blood. However, we did measure mean left ventricular pressure, which is one reliable reflection of load facing the ventricle and should be an indirect index of oxygen demand.2324 In our patients, maximal IABC augmentation produced a significant decrease in this index of demand.
Since both great cardiac vein flow and mean left ventricular pressure were altered by IABC in our patients, we cannot definitively state which was of greater importance in relieving the ischemic pain. Most likely, each mechanism was significant clinically and each may have diminished the need for the other. In other patients, such as those studied by Williams et al.,9 it is possible that IABC could decrease demand sufficiently to enable the preexisting or decreased levels of coronary blood flow to satisfy the greatly reduced oxygen demand; alternatively, augmentation of coronary blood flow could enable the heart to face greater levels of afterload without becoming ischemic.
Despite widespread use of the traditional means of weaning patients from balloon augmentation by progressively decreasing the assist ratio from 1:1 to 1:2 to 1:4, there is surprisingly little documentation of the hemodynamic effects of these intermediate levels of counterpulsation. In our patients, the lower assist ratios produced only small decreases in systolic pressure and small increases in diastolic pressure, and great 
